Musculoskeletal manifestations of sickle cell disease, diagnosis with whole body MRI  by Khedr, Sherif A. et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2012) 43, 77–84Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLEMusculoskeletal manifestations of sickle cell disease,
diagnosis with whole body MRISherif A. Khedr a,1, Mohamed A. Hassaan a,*, Amro A. Shabana b,2,
Ayman H. Gaballah a,3, Doha A. Mokhtar c,4a Kasr Elainy Hospitals, Cairo University, Cairo, Egypt
b Cancer Institute, Cairo University, Cairo, Egypt
c Abuelrish Pediatric Hospital Kasr Elainy, Cairo University, Cairo, EgyptReceived 3 October 2011; accepted 12 December 2011
Available online 12 January 2012*
E-
n@
ay
(D
1
2
3
4
03
M
Pe
N
do
OpKEYWORDS
Whole body MRI;
Sickle cell diseaseCorresponding author. Mob
mail addresses: sherifkheder@
yahoo.com(M.A.Hassaan),a
mangaballah@yahoo.com(A.
.A.Mokhtar).
Mobile: +20 01521069610.
Mobile: +20 0123938548.
Mobile: +20 0115845259.
Mobile: +20 0107446069.
78-603X  2011 Egyptian
edicine. Production and host
er review under responsibility
uclear Medicine.
i:10.1016/j.ejrnm.2011.12.005
Production and h
en access under CC BY-NC-ND liile: +20
yahoo.c
mrshaba
H.Gabal
Society
ing by El
of Egyp
osting by E
cense.Abstract Purpose: The aim of work is to deﬁne the musculoskeletal abnormalities in patients with
sickle-cell disease using whole body MRI.
Patients and methods: Twenty-seven patients with known sickle cell disease were included in this
study complaining of acute painful vaso-occlusive crisis. All the patients complaining of bony pain
in different body regions. Some patients complaining of bony swellings and joint pain. Whole body
(W.B) MRI studies were performed for all the patients .Three coronal (T1, T2, and STIR)
sequences were performed for whole-body MR imaging. In selected cases, dedicated examination
of certain body parts was performed.0105600614.
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Table 1 MRI parameters used dur
Sequence TR TE TI
FSE-IR 5500 30/eﬀ 160
T1 FSE 500 17.5/eﬀ –
Table 2 MRI parameters used in t
Sequence TR TE TI
FSE-IR 5500 30/eﬀ 160
T1 FSE 540 17.5/eﬀ –
Table 3 Parameters of the sagittal
Sequence TR TE TI
FSE-IR 4000 30/eﬀ 150
T1 FSE 525 17.5/eﬀ –
78 S.A. Khedr et al.Results: Persistent red marrow, intramedullary bone hyperplasia and bone infarcts were seen in all
patients. Vertebral bone infarcts were found in 23 patients. Bilateral proximal femoral head epiph-
ysis avascular necrosis were found in 9 patients. Osteomylitis was diagnosed in 6 patients and septic
arthritis in 2 patients.
Conclusion: Whole body MRI can help identifying muscloskeletal abnormalities in sickle cell dis-
ease in a single session. MRI is a useful imaging tool in distinguishing acute osteomylitis and bone
infarct. Knowledge of the range of imaging ﬁndings is crucial in order to accurately depict the com-
plication and initiate appropriate therapy.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Sickle cell disease comprises a group of genetic disorders
characterized by the inheritance of sickle hemoglobin (Hb S)
from both parents, or Hb S from one parent and a gene for
an abnormal hemoglobin or beta-thalassemia from the other
parent. Sickle cell anemia is the most severe and most common
form. Hb S arises from a mutation substituting thymine for
adenine in the sixth codon of the beta-chain gene, GAG to
GTG. This causes coding of valine instead of glutamate in po-
sition 6 of the Hb beta chain. The resulting Hb has the physical
properties of forming polymers under deoxy conditions. It also
exhibits changes in solubility and molecular stability. These
properties are responsible for the profound clinical expressions
of the sickling syndromes (1,2).
Affected individuals present with a wide range of clinical
problems that result from vascular obstruction and ischemia.
Typical manifestations include recurrent pain and progressive
incremental infarction. The presence of Hb S can cause red
blood cells to change from their usual biconcave disk shape
to a crescent or sickle shape during deoxygenation. Upon
reoxygenation, the red cell initially resumes a normal conﬁgu-
ration, but after repeated cycles of ‘‘sickling and unsickling,’’
the erythrocyte is damaged permanently and hemolyzes (3,4).
This hemolysis is responsible for the anemia that is the hall-
mark of sickle cell disease. Acute and chronic tissue injuriesing the ﬁrst and second stations
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4 0.2can occur when blood ﬂow through the vessels is obstructed
by the abnormally shaped red cells (5). Complications include
painful episodes involving soft tissues and bones, acute chest
syndrome, priapism, cerebral vascular accidents, and both
splenic and renal dysfunctions. MRI is an important imaging
tool in the diagnosis spectrum of abnormality and multisystem
affection caused by sickle cell disease (6,7). Knowledge of the
range of imaging ﬁndings is crucial in order to accurately de-
pict the complication and initiate appropriate therapy (8,9).
2. Aim of work
The aim of work is to deﬁne the musculoskeletal abnormalities
in patients with sickle-cell disease as well as early detection of
the manifestations of venoocclusive crisis using whole body
MRI.
3. Patients and methods
This study included 27 patients (15 males, 12 females) known
to have sickle cell disease based on clinical examination and
laboratory investigation (hemoglobin electrophoresis), their
ages ranged between (4–35 years) with a mean age of 12 years.
All patients were referred from hematology and orthopedic
department to the MRI unit of the department of Radio
diagnosis, from June 2008 to October 2009..
(mm) FOV Matrix NEX ETL No. of slices Time
48 · 48 256 · 192 2 8–12 22 4:24
48 · 48 256 · 192 2 4–8 22 1:40
(mm) FOV Matrix NEX ETL No. of slices Time
48 · 48 256 · 192 2 16–20 16 1:50
48 · 48 256 · 192 2 4–6 16 1:00
(mm) FOV Matrix NEX ETL No. of slices Time
40 · 40 256 · 192 3 14–18 12 2:48
40 · 40 256 · 192 3 14–18 12 1:17
Table 4 MRI ﬁndings in 27 patients.
Radiological abnormalities No. of patients
Persistence of red marrow 27
Bone marrow expansion 21
Bone infarction 27
Bilateral proximal femoral head avascular necrosis 9
Vertebral infarctions 23
Osteomyelitis 6
Septic arthritis 2
Fig. 2 Multiple bone infarcts in a 20 year old patient with SCD. (a–e)
irregular areas of high signal IR WIs seen scattered at right ribs, verteb
Fig. 1 Persistent red marrow in a 29-year-old woman. Sagittal
T1 weighted MR image of the spine shows low signal intensity
indicative of cellular (red) marrow. Vertebral endplate concavity
at multiple levels is due to bone softening.
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of bony swellings.
– Nine patients complaining of hip pain and 2 patients from
knee pain and swelling.
All the patients underwent
– Complete clinical examination.
– Complete blood cell count.
CBC and reticulocyte counts document anemia.
Examination of the peripheral blood smear documents the
presence of sickled erythrocytes.
– Differential white blood cell count.
– Reticulocyte percentage.
– Hemoglobin electrophoresis: It establishes the diagnosis of
SCD by demonstrating a single band of Hb S (in Hb SS)
or Hb S with another mutant hemoglobin in compound
heterozygotes.
– Liver function tests, as well as BUN, and creatinine.
Whole body MRI was performed for all patients to detect
musculoskeletal abnormalities in sickle cell disease
4. Technique
4.1. Technique of whole body MRI
MRI examination was performed using a super conducting 1.5
Tesla (T) magnet units (Magnitom Symphony 1.5 Tesla, Syn-
go, Seimens).
The whole body was covered using both FSE-IR (Turbo-
STIR) and T1-weighted FSE sequences in 4 coronal stations
and 2 sagittal stations as follows:
4.1.1. Coils used
– Body coils were used for the coronal stations.
– CTL (cervical, dorsal and lumber) phased array coil for sag-
ittal stations.Whole body coronal STIR weighted MR images showing multiple
rae, both iliac bones, distal left femur and proximal left tibia.
Fig. 3 Acute bone infarct with extra osseous soft tissue signal abnormality in 17 year old patient with SCD. (a) Plain X-ray Rt femur
with no deﬁnite abnormality. Whole body MRI, coronal T1 (b), IR (c and d) WIs show abnormal narrow signal intensity of the right
femoral shaft with surrounding soft tissue, abnormal high signal during IR WIs (white arrow in c and d).
Fig. 4 Osteonecrosis of right femoral head in a 15-year old
patient. Coronal STIR WIs of the pelvis showing stage IV
avascular necrosis of the right femoral head and multiple bone
infarcts of both iliac bones, sacrum, right femoral neck and
proximal shaft.
80 S.A. Khedr et al.4.1.2. Planes of examination
Body coverage was achieved using a maximum of four over-
lapping coronal body coil acquisitions. In each patient coronal
images were obliqued to the long axis of the spine.
Position of the upper extremities was dictated by patient’s
habitus, in large patients, the arms were placed above the head,
requiring an additional coronal acquisition.
The spine was imaged in two overlapped sagittal stations
parallel to the long axis of the coronal locator using the
CTL coil. The ﬁrst station included the cervical and upper dor-sal vertebrae. The second station included the lower dorsal and
lumbosacral vertebrae.
4.1.3. Stations and parameters
4.1.3.1. Locators. A three-plan localizer scout view of the re-
gion of interest was performed for localization of the region
to be scanned. This scout view was performed with spoiled gra-
dient echo (fast multi planer spoiled gradient recalled),
FMPSPGR.4.1.3.2. Coronal body stations.
– First station: was used to cover the head, neck, upper chest,
proximal upper limb, and cervical and upper dorsal spine,
using the following parameters: Table 1.
– Second station: used to examine the lower chest, abdomen,
upper pelvis, distal upper limb, lower dorsal and lumbosa-
cral spine, using the same parameters as the ﬁrst station.
Table 1.
– Third station: used to examine the lower pelvis and the thigh
using the following parameters Table 2.
– Fourth station: used to examine the tibia, ﬁbula and foot,
using the same parameters as the third station.
– Additional station: which was sometimes used to scan the
upper limbs in obese patients, using the same parameters
as the third station.
4.1.3.3. Sagittal spine stations.
– First station: to examine the sternum, cervical and upper
dorsal spine, using the following parameters: Table 3.
– Second station: it is used to examine the lower dorsal, and
lumbosacral spine. Using the same parameters as those used
in the ﬁrst sagittal station Table 3.
Fig. 5 Multiple vertebral infarctions in a 12 year old patient. Sagittal MR T1 (a), sagittal MRI T2 WIs (b and c) showing heterogenous
bone marrow signal intensity of the cervical, dorsal and lumbar vertebrae consistent with vertebral infarcts.
Fig. 6 Osteomyelitits in an 11 year old boy with SCD. Coronal
STIR MR images show abnormal marrow signal with associated
soft tissue edema and minimal surrounding ﬂuid collections.
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Each case of whole body MRI was analyzed in consensus by
musculoskeletal experienced radiologist searching for muscu-
loskeletal abnormalities caused by sickle cell disease .
5. Results
Persistence of red marrow and multiple bone infarctions were
seen in all patients (Table 4). The bone infarction was seen
affecting mainly the long bones and axial skeleton.Two patients with early bone infarcions, one in the femoral
shaft and one in the tibial shaft were seen and there was difﬁ-
culty in discriminating them from osteomylitis but the clinical
evaluation suggested the possibility of bone infarction which
was conﬁrmed by clinical and radiological follow up.
Bilateral proximal femoral head avascular necrosis was
found in 9 patients, two patients grade 1, three patients grade
2, two patients grade 3, one patient grade 4, and one patient
grade 5.
Multiple vertebral infarctions were found in 23 patients.
Osteomylitis was found in 6 patients, one in the humerous ,
3 in the tibial shaft and 1 in the femoral shaft.
Two cases of septic arthritis were seen, one in the hip and
the other in the knee.6. Discussion
Acute, painful vaso-occlusive crises are the most common, and
earliest, clinical manifestations of SCA. Half of all patients
with SCA experience a painful crisis by 4.9 years of age. The
pain is usually described as bone pain, although crises may in-
volve virtually in any organ. They are presumed to be caused
by microvascular occlusion with subsequent tissue ischemia.
In young children, vaso-occlusive crises most commonly man-
ifest as dactylitis, a painful swelling of the hands, ﬁngers, feet,
and toes. Other problems in SCA include osteomyelitis, osteo-
necrosis, splenic infarct, splenic sequestration, acute chest syn-
drome, stroke, papillary necrosis, and renal insufﬁciency.
– In the current study there were persistent red marrow
(Fig. 1), multiple intramedullary bone infarcts (Fig. 2) in
all patients, and intramedullary bone expansion in 21
patients.
Fig. 7 Osteomyelitits in an 8 year old boy with SCD. (a) Plain X-ray right humerus, (b–d) sagittal T1, T2, and post gadolinium
enhancement T1 WIs. The plain ﬁlm shows proximal humeral shaft pathological fracture with surrounding periosteal reaction and soft
tissue swelling. MR images show abnormal marrow signal with associated cortical defect and soft tissue collections. Post contrast study (d)
showed intramedullary and surrounding soft tissue ring enhancing abscesses.
Fig. 8 Septic arthritis in a 17 years old patient with right-sided hip pain and fever. (a and b) Whole body coronal T1 and IR WIs. (c and
d) Axial T1 and coronal T2-weighted IR MR images showing marked left hip effusion with surrounding soft tissue signal abnormalities
and loculated ﬂuid collection adjacent to the affected right hip. Diffuse edema is also seen within the superﬁcial soft tissues lateral to right
hip.
82 S.A. Khedr et al.– In patients with SCA, most of their marrow space tends to
be preserved as red marrow, sometimes even in their epiph-
yses. Expansion of the medullary space (due to increased
hematopoietic demands from the anemia) may be especially
evident in the skull (10).
This was in agreement with Resnick et al who reported that
bone infarct caused by the congested, cellular marrow foundthroughout much of the skeletal system of patients with SCA
(11,12).
Infarction typically occurs in the medullary cavity and the
epiphysis, and it has been described in essentially every mar-
row-containing bone. Bone marrow infarction is thought to
be the underlying cause of most pain crises in SCA. Ischemia
rapidly causes pain, even before infarction is manifested; there-
fore, radiographs obtained early during pain crises often
Fig. 9 Septic arthritis in a 17 years old patient with left-sided knee pain and fever. (a) Plain X-ray of the left knee revealed erosive
changes of the central tibial articular surface. (b and c) Coronal STIRMRI revealed heterogenous texture of the distal femur and proximal
tibia, erosive changes and ﬂuid collection of the central proximal tibial articular surface and surrounding soft tissue edema impressive of
osteomylitis with septic arthritis.
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infarction, and the discovery of osteonecrosis may be an inci-
dental ﬁnding (13).
MR imaging is likely the most sensitive radiologic form of
investigation, as it may show abnormality as soon as a few
days after the ischemic insult. Infarction appears as an area
of high signal intensity on T2-weighted and inversion recovery
images (13).
In our study we have two cases with early medullary bone
infarcts in the tibia and femur associated with abnormal bone
marrow signal intensity and surrounding soft tissue reaction
making differentiation between infarction and osteomyelitis
difﬁcult (Fig. 3) MRI ﬁndings of absence of cortical disrup-
tion, marginal contrast enhancement and ﬂuid collection sug-
gested the high possibility of bone infarction rather than
osteomyelitis which was supported by clinical examination
and radiographic follow up. The same abnormality was re-
ported by (14).
In the current study we have bilateral femoral head avascu-
lar necrosis (stage I to IV) in 9 patients (Fig. 4) this was in
agreement with Adekile et al, who reported that SCA is the
most common cause of osteonecrosis of the hip in children,
and approximately half of all patients with SCA will develop
epiphyseal osteonecrosis by the age of 25 years (15,16). Fre-
quently, initial radiographs appear normal, and the earliest
signs of avascular necrosis are seen on MR images (in partic-
ular, T2-weighted inversion recovery images), which show re-
gions of high signal intensity indicative of bone marrow
edema.
Spine infarcts were found in 23 patients in the current study
(Fig. 5) appears as central, square shaped endplate depression
(H-shaped vertebral deformity). Five of these cases showed
vertebral collapse and complicated with kyphotic deformity
(12).The effects of sickle cell anemia on growth are thought to
result from bone infarction. Epiphyseal shortening arises from
vascular compromise, which causes damage to the growth
plate, slowing or halting cartilage growth and leading to short-
ened bone (Fig. 4) (14). In the spine, endplate depressions of
the vertebral bodies are another manifestation of growth dis-
turbance caused by ischemia and infarction.
The H-shaped vertebral deformity is thought to be a result
of central growth plate infarction (Fig. 6). It can be distin-
guished from marrow hyperplasia by the characteristic sharp
step like appearance of the vertebral endplate (Fig. 1). In addi-
tion, compensatory lengthening of the vertebrae adjacent to
the H-shaped vertebrae may occur; this deformity has been de-
scribed as ‘‘tower’’ vertebrae (17).
Osteomyelitis is a serious complication of SCA which was
found in 6 patients in the current study (Fig. 7), showing het-
erogenous texture with surrounding ﬂuid collection, periosteal
reaction, focal disruption of the overlying cortex and soft tis-
sue edema. MR imaging is the preferred modality for evaluat-
ing marrow (18). Osteomyelitis demonstrates abnormally
elevated signal intensity in the marrow on T2-weighted and
inversion recovery images. The edges of this abnormal-sig-
nal-intensity area are typically ill-deﬁned. The most sensitive
and speciﬁc pulse sequence was T1 weighted, performed with
fat saturation after the administration of gadolinium-based
contrast material (19,20).
Unfortunately, marrow infarction may have a very similar
appearance at MR imaging, with areas of abnormal high sig-
nal intensity on T2-weighted and inversion recovery images
and regional enhancement (Fig. 3). Thus, the differentiation
of infection from marrow infarction at MR imaging may not
be possible (21,22). Soft-tissue abnormalities such as edema
and abnormal enhancement of periosteum, muscle, deep fas-
cia, and subcutaneous fat were once thought to indicate
84 S.A. Khedr et al.osteomyelitis; unfortunately, the same soft-tissue abnormali-
ties may also be seen with infarction (18,19). Studies of scinti-
graphic evaluation with various combinations of technetium-
99 m methylene diphosphonate, gallium-67, and Tc-99 m
sulfur colloid have failed to produce deﬁnitive results (21,23).
There is no reference standard for diagnosing sickle cell–re-
lated osteomyelitis, and even the culture of biopsy specimens
is not completely reliable. In conclusion, imaging alone does
not yet allow reliable and accurate differentiation of osteomy-
elitis from infarction (24).
In the current study we have 2 patients with septic arthritis,
associated with osteomyelitis of the femur and tibia (Figs. 8
and 9). Septic arthritis is less common than osteomyelitis
(25). Both cases show bony, articular cartilage erosion, bone
marrow edema, synovial thickening and enhancement. The
common MR imaging features seen in septic arthritis include
perisynovial edema and synovial enhancement after intrave-
nous gadolinium administration. Joint effusion is seen com-
monly in the large joints. It is thought that sickling of
synovial capillaries may increase vulnerability to infarction
and reduce the response to antibiotic therapy (22).
7. Conclusion
Whole body MRI can help identifying musculoskeletal abnor-
malities in sickle cell disease in a single session. MRI is a useful
imaging tool in distinguishing acute osteomylitis and bone in-
farct. Knowledge of the range of imaging ﬁndings is crucial in
order to accurately depict the complication and initiate appro-
priate therapy.
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